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(54) ACCELERATION SENSOR 

(57)Abstract: 

PURPOSE: To provide a two-dimensional acceleration 
sensor which can detect acceleration in two-dimensional 
direction. 

CONSTITUTION: The acceleration sensor consists of a 
weight lb and cantilever la through their combination, 
and a width W of a surface S for arranging resistance 
elements is larger than that of rear surface on the 
opposite side in the cantilever 1a. The acceleration 
sensor is placed on the surface to detect the 
bidirectional accelerations. When an acceleration is 
applied in X direction, the weight is shifted in the X 
direction by the application of the acceleration, and the 
cantilever is deformed mechanically, so piezo resistance 
elements RX1, RX2. RX3 and RX4 arranged in the 
cantilever part are changed thereby and the changes in 
electric resistance in respective resistance elements are 
detected as changes in Wheatstone bridge voltage at 
this time. In addition, when an acceleration is applied in 
Y direction, the weight is shifted in the Y direction and 
the cantilever is deformed mechanically, so piezo resistance elements RY1, RY2, RY3 and RY4 
are changed thereby and the changes in electric resistance in respective resistance elements 
are detected as changes in Wheatstone bridge voltage at this time. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Spindle lb which processes a silicon substrate and moves with a fixed part 1 and 
acceleration, It is the cantilever type acceleration sensor which consists of beam section la 
which connects said fixed part and spindle, and a resistance element arranged to said Said 
resistance element In the root section of said **** in order to detect a silicon substrate and 
parallel acceleration And the resistance elements RX1-RX4 arranged in the edge section. The 
acceleration sensor characterized by constituting from resistance elements RY1~RY4 arranged 
in the center section of the beam section in order to detect the acceleration of a silicon 
substrate and a right-angled direction. 

[Claim 2] Said **** is an acceleration sensor according to claim 1 characterized by the field by 
the side of resistance element arrangement forming width efface widely rather than the field 
which is not arranged. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] In the antiskid control of an automobile, traction control, a ** air bag. 
suspension control, hand deflection prevention of a camera, robot control, etc., this invention 
detects an acceleration condition and the condition of a shake, processes the detecting signal 
effectively, and relates to the semi-conductor acceleration sensor which can improve 
interference output characteristics especially about the acceleration sensor it enabled it to use 
for various control etc. 
[0002] 

[Description of the Prior Art] The thing of the support-at-one-end structure for which the 
semi-conductor acceleration sensor used the anisotropic etching of a silicon wafer is developed 
conventionally at the core. When the structure of the acceleration sensor using the resistance 
element shown in JP.5-164775,A as one of the conventional examples is explained hereafter, 
drawing 8 (a) is the perspective view showing the configuration of the acceleration sensor of 
cantilever structure. In this drawing. 51 is a semi-conductor substrate (henceforth Si substrate) 
as a fixed part formed in the shape of a rectangle from the silicon wafer, and the opening section 
52 is formed along with the periphery section of this fixed part 51. 51a is the cantilever section 
which processed the Si substrate 51 thinly and formed it. and spindle section 51b formed in the 
shape of a rectangle is formed at the tip of this cantilever section 51a. 53 is the digital-disposal- 
circuit section, 54 is a diffused resistor, and the diffused resistor is formed in the top face of 
cantilever section 51a. A diffused resistor 54 forms III kind elements, such as boron (boron), by 
approaches, such as thermal diffusion or an ion implantation. Here, cantilever section 51a is 
thinly formed by the Si substrate 51. and spindle section 51b is thickly formed by the Si 
substrate 51. 

[0003] Thus, in the constituted acceleration sensor, if acceleration acts [ which is shown in 
drawing 8 (b) ] from arrow-head A. while spindle section 51b displaces according to the 
magnitude of this acceleration in the direction where acceleration acted as shown in drawing 8 
(c), cantilever section 51a will bend and stress will occur in this **** 51a. Consequently, each 
resistance of resistance 54 changes according to bending of cantilever section 51a, and detects 
using the detector which consists of a Wheatstone bridge of common knowledge of this. Thus, in 
this acceleration sensor, the acceleration of the direction of one dimension is detectable 
[0004] 

[Problem(s) to be Solved by the Invention] However, when the above-mentioned 1 -dimensional 
acceleration sensor tends to be used and it is going to detect the acceleration of the two- 
dimensional direction, it is necessary to arrange a 1 -dimensional acceleration sensor to a 2-way. 
For this reason, when the acceleration of the two-dimensional direction was detected in various 
equipments, there was a trouble that must use the two above 1 -dimensional acceleration 
sensors each time, and cost becomes high, and became easy to be influenced of the installation 
error to the two-dimensional direction, and acceleration detection precision moreover worsened. 
Furthermore, in the above-mentioned acceleration sensor, also when acceleration acted from 
arrow-head B in order that there may be no center-of-gravity location of a spindle on the 



supporting point of the cantilever section, and the same axle for example, as shown in drawing 8 
(d), an output will arise and there was a problem that the so-called interference output 
characteristics of an acceleration sensor were bad. Then, this invention is one cantilever type 
acceleration sensor, offers the two-dimensional acceleration sensor which can detect the 
acceleration of the two-dimensional direction with a sufficient precision, and aims at solving the 
above-mentioned trouble. 
[0005] 

[Means for Solving the Problem] For this reason, spindle lb which this invention processes a 
silicon substrate and moves with a fixed part 1 and acceleration, It is the cantilever type 
acceleration sensor which consists of beam section la which connects said fixed part and 
spindle, and a resistance element arranged to said ****. Said resistance element In the root 
section of said **** in order to detect a silicon substrate and parallel acceleration And the 
resistance elements RX1-RX4 arranged in the edge section. In order to detect the acceleration 
of a silicon substrate and a right-angled direction, it is the acceleration sensor characterized by 
constituting from resistance elements RY1-RY4 arranged in the center section of the beam 
section, and the above-mentioned technical problem is solved by this. 
[0006] 

[Function] When an acceleration sensor detects the acceleration of the acceleration of X of a 2- 
way, for example, the direction, and the direction of Y by the acceleration sensor of the above- 
mentioned example, it arranges in an equipment proper place so that the field of Si substrate of 
an acceleration sensor may become the acceleration of said direction of X, and parallel, and so 
that a direction perpendicular to the field of a spindle may turn into the direction of Y. If the 
acceleration of the direction of X is applied, change will arise in the piezoresistive elements RX1, 
RX2, RX3, and RX4 which the spindle moved in the direction of X with the acceleration at this 
time, and the cantilever deformed mechanically, consequently have been arranged in the 
cantilever section. Change of the electric resistance of each resistance element at this time is 
detected as change of a Wheatstone bridge electrical potential difference. Moreover, if the 
acceleration of the direction of Y is applied to an acceleration sensor, change will arise in the 
piezoresistive elements RY1, RY2, RY3, and RY4 which the spindle moved in the direction of Y 
with the acceleration at this time, and the cantilever deformed mechanically, consequently have 
been arranged in the cantilever section. Change of the electric resistance of each resistance 
element at this time is detected as change of a Wheatstone bridge electrical potential difference. 

[0007] 

[Example] Hereafter, the example of this invention is explained based on a drawing. Drawing 1 is 
the front view and its A-A sectional view of the two-dimensional acceleration sensor concerning 
the example of this invention, and drawing 2 is the sectional view of the cantilever of this 
acceleration sensor. In drawing 1 (a), 1 is a semi-conductor substrate (henceforth Si substrate) 
as a fixed part formed in the shape of a rectangle from the silicon wafer, the opening section 2 is 
formed along with the periphery section of this fixed part 1, and spindle lb is formed in the core 
cut off by the opening section 2. Spindle lb and a fixed part 1 are connected by cantilever 1a. 
The width efface W of the field S where this cantilever 1a arranges a resistance element as 
shown in drawing 1 (b) is formed more widely than the width of face of the field of the opposite 
side. Although considered as cross-section 3 square shape in this example, as shown in drawing 
2 , you may form in a trapezoid or a T character mold. Thus, the reason for taking the large field 
S which arranges a resistance element is for making easy to arrange to the field S of a cantilever 
the resistance element which detects the acceleration of the direction of X, and the direction of 
Y. Moreover, said cross-section configuration can also detect correctly the stress-strain 
diagram of the cantilever by migration of the spindle mentioned later. When the cantilever of said 
cross-section configuration etches Si substrate, it is the configuration which can be formed 
easily and this configuration also becomes a cantilever in the condition of having reinforced the 
conventional cantilever. 

[0008] As shown in drawing 3 , it is near the surface root of said cantilever, and the 
piezoresistive elements RX1, RX2, RX3, and RX4 for detecting the acceleration of the one 



direction (for example, the direction of X) of [ of the 2-ways ] are formed in the edge (edge 
section) of a beam. Furthermore, the piezoresistive elements RY1, RY2, RY3, and RY4 for 
detecting the acceleration of other one direction (for example, the direction of Y) are formed in 
the center section of the beam pinched among the piezoresistive elements RX1 and RX2 and 
piezoresistive elements RX3 and RX4 which were prepared in said edge section. In parallel [ with 
the shaft orientations of a beam ] among these piezoresistive elements RY1, RY2, RY3, and RY4, 
RY1 and RY2 have prepared RY3 and RY4 in the axial object, as shown in the shaft orientations 
and the right angle of a beam at drawing 3 . 

[0009] These resistance elements form the Wheatstone bridge circuit shown in drawing 4 , and 
detect the acceleration of the two-dimensional direction by these resistance value changes [a 
direction parallel to Si substrate in drawing 3 in addition is made into the direction of X, and the 
direction (it sets to drawing 3 and is perpendicularly to space) perpendicular to the field of 
spindle 1b is made into the direction of Y]. Like the above, this acceleration sensor is used, 
attaching in equipment so that the acceleration of a direction parallel to the field of Si substrate, 
and the field of a spindle and vertical acceleration (the direction of X in drawing and the direction 
of Y in drawing) may be detected. 

[0010] Next, the manufacture approach of the above-mentioned acceleration sensor is explained 
with reference to drawing 5 . First, as the piezoresistive element which detects the acceleration 
of the direction of X to the [100] sides of Si substrate formed in the predetermined 
configuration, the piezoresistive element which detects the acceleration of Y shaft orientations, 
and wiring are shown in drawing, a large number are formed in a predetermined location, next, 
Si02 and Si3 N4 etc. — as shown in drawing 5 (b), it masks. At this time, it is important to form 
a mask so that the edge section of a piezoresistance may serve as an edge of the root section 
of a cantilever exactly. When a spindle moves, in order that stress may concentrate on the edge 
part of the root section of a cantilever, this reason is because stress is detectable with a 
sufficient precision, when the piezoresistance is arranged into this part After carrying out a 
mask as mentioned above, anisotropic etching is performed using etching reagents, such as KOH 
etchant, and the beam section and the spindle section are formed. At this time, as shown in 
drawing 5 , anisotropic etching removes the unnecessary section of a cantilever part. Then, as 
shown in drawing 5 (c), a plinth glass wafer is joined, subsequently, dicing is carried out to a 
predetermined configuration and each acceleration-sensor chip is formed. 

[0011] Next, actuation of the acceleration sensor produced as mentioned above is explained with 
reference to drawing 6 . If the whole equipment which attached the acceleration sensor is made 
to exercise, the acceleration of various directions will occur by this movement. When detecting 
the acceleration of the acceleration of X of a 2-way, for example, the direction, and the direction 
of Y by the acceleration sensor of the above-mentioned example at this time, this acceleration 
sensor is arranged in an equipment proper place so that the field of Si substrate of the 
acceleration sensor of the above-mentioned configuration may become the acceleration of said 
direction of X, and parallel, and so that a direction perpendicular to the field of a spindle may 
turn into the direction of Y. In this way, if the acceleration of the direction of X is applied to the 
arranged acceleration sensor, change will arise in the piezoresistive elements RX1, RX2, RX3, 
and RX4 which the spindle moved in the direction of X [shown in drawing 6 (a)] with the 
acceleration at this time, and the cantilever deformed mechanically, consequently have been 
arranged in the cantilever section. Change of the electric resistance of each resistance element 
at this time is detected as change of the Wheatstone bridge electrical potential difference shown 
in drawing 4 . Moreover, if the acceleration of the direction [shown in drawing 6 (b)] of Y is 
applied to an acceleration sensor, change will arise in the piezoresistive elements RY1, RY2, RY3. 
and RY4 which the spindle moved in the direction of Y with the acceleration at this time, and the 
cantilever deformed mechanically, consequently have been arranged in the cantilever section. 
Change of the electric resistance of each resistance element at this time is detected as change 
of the Wheatstone bridge electrical potential difference shown in drawing 4 . 
[0012] The relation of the resistance element and stress which were prepared in the above- 
mentioned cantilever is explained further. For example, while a tensile stress will arise in RX1 
and RX2 and compressive stress will arise in RX3 and RX4 supposing a spindle displaces with 



acceleration in the one direction (the direction of X shown in drawing) as shown in drawing 6 (a) 
A tensile stress arises in RY3 prolonged in the longitudinal direction which is compressed into 
resistance RY1 and a cross direction, and turns into the measurement direction, and 
compressive stress arises in RY2 and RY4, and as shown in Table 1, the resistance at this time 
In the increase (+) of resistance, and RX3 and RX4, resistance decreases RX1 and RX2, and in 
RY1 and RY3, resistance decreases to RY2, and it decreases to (-) and a pan by the increase (+) 
of resistance, and RY4 (-). Consequently, the resistance value change in resistance RY1, RY2, 
RY3. and RY4 is canceled, and can detect the acceleration of the direction of X from change of 
resistance RX1, RX2, RX3, and RX4. 

[0013] moreover, as shown in drawing 6 (b), when the acceleration of the direction of Y is added 
While a tensile stress arises in RY1 and RY2 and compressive stress arises in RY3 and RY4 by 
being shrunken by the longitudinal direction which is pulled by the cross direction and turns into 
the measurement direction A tensile stress arises in both RX1 RX2 RX3 and RX4. and in the 
increase (+) of resistance, and RY3 and RY4. the resistance at this time decreases in resistance 
by RX1, RX2. RX3. and RX4 the increase (+) of resistance, and RY1 and RY2, as shown in Table 
1 (-). Consequently, the resistance value change in resistance RX1, RX2. RX3, and RX4 is 
canceled, and can detect the acceleration of the direction of Y from change of resistance RY1, 
RY2, RY3, and RY4. Moreover, in the above— mentioned acceleration sensor, when acceleration 
arises in a Z direction, in order that there may be no change in RX1, RX2, RX3, RX4, and RY1, 
RY2, RY3 and RY4, the acceleration of a Z direction is not detected. As mentioned above, by 
this acceleration sensor, it is detectable with a precision sufficient as change of resistance of 
the piezoresistive element which has arranged the acceleration a 2-way in the cantilever 
section of an acceleration sensor. 

[0014] ^ 
[Table 1] 
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Next, the 2nd example of this invention is explained with reference to drawing 7 . A point which 
is different from said 1st example in the 2nd example is a point of having attached the addition 
spindle in the spindle. Thus, by making a spindle heavy, from the thing of the 1st example, the 
reaction to acceleration can become good and the detection precision of acceleration can be 
raised. 
[0015] 



[Effect of the Invention] As stated to the detail above, while arranging the resistance element for 
acceleration detection of the direction of X, and the direction of Y on the cantilever of an 
acceleration sensor in a cantilever type acceleration sensor according to this invention, a highly 
sensitive two-dimensional acceleration sensor can be constituted by considering as the 
configuration which can make larger than an opposite side the field of the side which arranges a 
resistance element for the cross section of a cantilever. Furthermore, the interference output 
characteristics of a Z direction can be raised. That is, the effectiveness which can detect the 
acceleration of only a 2-way independently with a sufficient precision and which was excellent in 
** can also be done so. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the top view and sectional view of an acceleration sensor as the 1st example 
concerning this invention, 

[Drawing 2l It is the sectional view of the cantilever of this acceleration sensor. 

£D rawing 3] It is the plot plan of a resistance element established in the cantilever of this 

acceleration sensor. 

[Drawing 4] It is the circuit diagram of the Wheatstone bridge of this acceleration sensor, 
[Drawing 5l It is the production process explanatory view of this acceleration sensor. 
[Drawing 61 It is the explanatory view of the stress produced in the cantilever of this 
acceleration sensor. 

[Drawing 7l It is the sectional view of the acceleration sensor as the 2nd example concerning 
this invention. 

[Drawing 81 It is the explanatory view of the conventional acceleration sensor. 
[Description of Notations] 

1 [ ] Si Substrate 
la [ ] a cantilever 
lb [ ] a spindle 

2 [ ] Opening Section 

RX1-RX4, RY1-RY4 Resistance element 
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